The elastic, inelastic deformation and stress distribution pattern of a seventeen years service exposed 
INTRODUCTION
The consequences of power plant failure can be tragic and expensive. There are many cases of engineering disasters resulting in loss of life and property. For boiler components utmost attention is a must to ensure that such incidents should not take place. 
Material specification
The material specification of the 17 years service exposed primary super heater used in a 120 MW boiler of a thermal power plant, in the present investigation, is collated in Table 1 . 
Creep tests
Creep tests using constant load Mayes creep testing 
Material constitutive relation
Creep behaviour is represented by Bailey Norton equation /4/:
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These stresses are independent of time. The constant m used in the power law equation (Eq. (1)) is determined from experimental results. For thin tubes, however /8/, the circumferential stress, σ θ , is equal to the hoop stress (a h = pD/2t), acting on the tube. Where ρ is the internal steam pressure, D is the mean diameter and t is the thickness of the tube.
where e c is creep strain, e r is creep strain rate, σ is stress, 
where C,=1-546E22, C 2 =2.846, C 3 =-0.049, and C 4 = 60344.68 are constants determined from experimental results, ε ς is strain, σ is stress, t is time and e = 2.718281828. Initial elastic solution is obtained from
where r is the radius to an arbitrary point in the wall, R«, is outer radius, Rj is inner radius, ρ is pressure inside the tube, σ Γ , is the radial stress, σ θ is the circumferential stress and σ ζ is the axial stress. Stationary stress solution (under a constant pressure) is,
RESULTS AND DISCUSSION

Visual observation and metallography
Dimensional measurement of the service-exposed tubes revealed that there was no change in outer diameter and thickness of the service exposed primary superheater tube. It seems that the tubes have not undergone any appreciable deformation during actual operating conditions over seventeen years. Visual examination of the service exposed tubes revealed there was no evidence of any localized attack or damage and oxidation on the outer and inner surfaces of the tubes. The hardness of the service exposed primary super heater is 172 ± 1 VHN, which indicates that there was not any appreciable variation or degradation in the hardness value. For 2.25CrlMo steel (virgin), the hardness value varies from 160 to 180 VHN 16/, depending on the type of thermomechanical processing and heat treatment given on the alloy.
Chemical analysis by wet method 191, as revealed in Table 2 , shows that the materials under the present investigation are basically 2.25CrlMo steels conforming to the grades specified in Table 1 .
The microstructure of the service exposed primary superheater and virgin tube consisted of ferritic bainitic (Fig 3) where the ferrite grains are dispersed with carbides. There was no evidence of graphitization and creep damage in the form of cavittaion and decarburisation in the service exposed tube. Therefore, it is clear that the service exposed primary superheater tubes did not undergo any appreciable degradation from the microstructural point of view. Since microstructural examination did not show any major degradation it is 
Mechanical properties
Analysis of creep data revealed that there is some deterioration in the creep deformation curve (Fig. 4) of the service exposed primary superheater tube, compared to the virgin tube of the same material, due to service exposure. However, these variations fall within the specified limits for similar grade of steels viz. 
Analysis of stress distribution in the service exposed tube
Linear elastic stress distribution for pressure is given in Fig. 5 as obtained by ANSYS. It has maximum stress Οθ elastic ,of 104.3011 MPa on the internal surfaces and minimum stress σ β elaslj<; , of 84.30108 MPa at external surface ( Table 3) . Stationary stress distribution pattern at outer and inner surface of the primary superheater tube under creep condition, is revealed in Fig. 6 . This pattern gives the stress reversal during creep i.e. maximum stress being observed at the outer surfaces Ray et ed. 
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Determination of the constants of power law (s = Ae" t")
Data from actual creep deformation tests at different temperatures and different stress levels were taken for 2.25Cr-lMo steel.
Power law may also be represented in logarithmic (Fig. 8) ; clearly the current alloy is weaker in comparison to Heat 2. The shape of the creep curves of these service exposed tubes (Fig. 4 and Fig. 7) , reveals that the behavior of these tubes is second stage or steady state creep dominant. It could thus be inferred that the service exposed primary super heater tube is reasonably in a good state of health.
However, it is recommended that health assessment of the tubes should be carried out based on nondestructive tests at site during next shut down of the plant and on a few destructive tests like hot tensile and accelerated creep or stress rupture tests after expiry of another 50,000 hours of service exposure. The radii ratio, Ro/Ri = 1.214 was chosen enabling the It is noteworthy that for m=l, the maximum circumferential stress is on the inner surface, while for any m>l the maximum circumferential stress is on the outer surfaces. This has serious ramifications in the evaluation of the maximum stress in the tubes on creep rupture. Secondly, it may be noted that m=l is the elastic solution and m>l is the final stationary solution for the value of m that applies. Thus it is seen that redistribution has occurred. It could be inferred that a non-stationary creep solution has to be carried out to see Vol. 27, No. 2, 2008 how the initial elastic stress state redistributes into the final stationary state. For the primary super heater tube ' (T22' steel) at 773 Κ and 20MPa the skeletal point is determined under these conditions. The value of m=2.846 and a radii ratio of Ro/Rj = 1.214 have been considered, which in fact, has shown a good agreement with the ANSYS results.
Skeletal point of the primary superheater tube
Ray et al
Stress distribution pattern for the primary super heater tube
Stress distribution at outer radius (RJ, increasing radius (R m ) and inner radius (Rj) in a primary super heater tube at elevated temperature (773 Κ ) are collated in Table3. Power law constants (m, η and A) determined from experimental data ( Fig.7(e) ), defines the creep behavior at 773 Κ (Table4).
CONCLUSION
The aforesaid study leads to the following conclusions: 1. In thick primary superheater tubes, under pressure and normal temperature, the maximum stress is observed at inner surfaces. But under creep condition, failure occurs from outer surfaces. This has been shown with the help of ANSYS that during stationary stress solution or creep condition, maximum stress is at the outer surfaces. There is a stress reversal point in a thick tube under creep condition, known as the skeletal point. This is the point where the stresses are same in both the conditions i.e. in initial elastic solution as well as in stationary stress solution. This point is of much importance for boiler tube designers with a view to developing new boiler tubes as well as for considering the effects of numerous operating variables on creep life.
2. There was not much variation in the microstructure and hardness of the service exposed tubes compared to the virgin material. Creep deformation behavior of the service exposed and virgin tubes of the same material reveal that deterioration of the creep properties fall within the 20% scatter band, which is well within the specified limits as specified by ASTM standard 161. The service exposed primary superheater tube is thus in a
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Primary Superheater Tube good state of health. However, it is recommended that health assessment of the tubes should be carried out based on non-destructive tests at site during next shut down of the plant and on a few destructive tests like hot tensile and accelerated creep or stress rupture tests after expiry of another 50,000 hours of service exposure.
